Objective: Theta and alpha range EEG oscillations are commonly induced in cognitive tasks, but their possible relationship to the BOLD signal of fMRI is not well understood, and individual variability is high. We explored individual differences in EEG reactivity to determine whether it is positively or negatively correlated with BOLD across subjects. Methods: A Sternberg working memory task with 2, 4, or 6 digits was administered to 18 subjects in separate fMRI and EEG sessions. Memory load-dependent theta and alpha reactivity was quantified and used as a regressor to reveal brain areas exhibiting EEG-fMRI correlation across subjects. Results: Theta increases localized to medial prefrontal cortex, and correlated negatively with BOLD in that region and in other ''default mode'' areas. Alpha modulation localized to parietal-occipital midline cortex and also correlated negatively with BOLD. Conclusions: Individual tendencies to exhibit memory load-dependent oscillations are associated with negative BOLD responses in certain brain regions. Significance: Positive BOLD responses and increased EEG oscillations do not necessarily arise in the same regions. Negative BOLD responses may also relate to cognitive activity, as traditionally indexed by increased EEG power in the theta band.
Introduction
While event-related potentials (ERPs), derived from timedomain averages of EEG signals, have been used for several decades to investigate human cognition, recent years have seen increasing attention paid to other properties of the EEG (or MEG) signal that are also modulated in an eventrelated manner, but are not precisely phase-locked to the onset of a stimulus, thus requiring analysis jointly in the time and frequency domains. Among the most commonly reported phenomena are event-related synchronization (power increase) and desynchronization (power decrease) in distinct frequency bands, including theta ($4-7 Hz), alpha ($8-12 Hz), beta ($15-25 Hz), and gamma (>30 Hz). The theta frequency range has been of particular interest in cognitive neuroscience, due to its proposed homology with rodent hippocampal theta rhythm (Bastiaansen and Hagoort, 2003; Miller, 1991) and the fact that it is commonly observed to exhibit power increases associated with greater levels of mental effort or cognitive challenge (Gevins et al., 1979 (Gevins et al., , 1997 Gundel and Wilson, 1992; Inanaga, 1998) . Task contrasts that elicit theta increases have included successful vs. unsuccessful memory encoding (Sederberg et al., 2003; Klimesch et al., 1996) and retrieval (Burgess and Gruzelier, 2000; Guderian and Duzel, 2005) ,
